Abstract. A radiative-convective boundary layer model is used to assess the effect of changing sea surface temperature, pressure, wind speed, and the energy export from the tropics on the boundary layer equilibrium equivalent potential temperature. It remains difficult to reconcile the observations that during the last glacial maximum (18,000 yr BP) the snowline on the tropical mountains fell 950 m, while the tropical sea surface temperatures fell only 1-2 K.
Introduction
The tropical climate during the last glacial maximum (18,000 yr B.P.) raises many fascinating questions. Here we shall try to reconstruct, from a few key observations, plausible conditions for the tropical oceanic boundary layer, using the simple one-dimensional model of Betts and Ridgway [1989] , abbreviated BR89. It is believed that tropical sea surface temperatures (SST) were at the most 2 K lower than at present, the best estimate being only 1.4 K lower [Climate: Long-Range Investigation, Mapping, and Prediction (CLIMAP), 1981]. These small falls of SST in the tropics are in apparent conflict with the large falls in the snowline on the tropical mountains for which the best estimate is 950 _+ 50 m [see Rind and Peteet, 1985] . For the same epoch the fall of sea level in the tropics due to the accumulation of water in the high-latitude ice sheets was about 120 m, and atmospheric CO 2 was about 195 ppm, [Rind, 1987] The fall of the snowline on the tropical mountains has led to extensive debate during the last few years [ Rind and Peteet, 1985; Broecker, 1989; Rind, 1990] . The fall of snowline is too large to be explained by the small fall of SSTs in the tropics [Rind and Peteet, 1985] . However, the height of the freezing level does not depend simply on SST. It depends on the thermal structure above the surface in the lower troposphere. The vertical structure of the present tropical atmosphere is controlled by a balance of radiative and convective processes. The warm SSTs are maintained primarily by a balance of the incoming solar radiation and the surface evaporation. An unstable vertical structure is maintained by a comparable net longwave cooling of the atmosphere. The atmospheric thermal balance is maintained when the water vapor evaporated at the surface is condensed and precipitated out from deep convective systems. The convective response to destabilization is so fast that the resulting vertical structure in the tropics is always very close to a moist equilibrium structure and a little unstable with respect to the wet adiabatic lapse rate in the lower troposphere [Riehl, 1979; Betts, 1982; Xu and Emanuel, 1989 ]. Air ascends into cumulonimbus clouds from a moist subcloud layer, reaching saturation at cloud base about 60 mbar above the surface.
The moist adiabat is the thermodynamic path followed by such a saturated air parcel as it ascends adiabatically with condensation. Each wet adiabat is conventionally labeled by 0•, the equivalent potential temperature, which is the maximum potential temperature reached by the parcel as it ascends to the upper troposphere and condenses out all its water vapor. The equilibrium value of 0 E near the surface over the oceans thus determines the moist adiabatic ascent path and the equilibrium vertical thermal structure of the tropics. We have no reason to believe on either theoretical grounds or from climate model simulations [Rind, 1987] that this tight convective coupling between 0E and atmospheric structure would be any different over the warm oceans in the glacial period. On a given 0e wet adiabat, the freezing level (which we can expect to be associated closely with the snowline) is at a fixed pressure, so that the height of the snowline (above 
We assumed 80% relative humidity (RH) in computing Figure 2 , but the dependence on RH is small. These two idealized models indicate the range of our uncertainty about the tropical temperature structure. The difference between them is small enough, so that we shall simply take an ice age "target value" of 0E=333 K +1.5 K and examine processes that affect low-level 0 E equilibrium, using a simple model.
Controls on Low-Level 0 E Equilibrium Over the Tropical Oceans
We shall use the model of BR89 to discuss the processes which control low-level 0e equilibrium over the tropical oceans. This model is a one-dimensional energy balance model for the tropics, which couples the heat and moisture budgets of the convective boundary layer (CBL) and the troposphere. The details of the model are presented in earlier papers. The vertical thermodynamic structure of the CBL is parametefized using a so-called mixing line representation [Betts, 1982 [Betts, , 1985 , and above the CBL a moist adiabatic representation is used. Boundary layer cloud fraction is specified, but cloud liquid water and cloud depth are internally computed. A radiation code is used to compute net radiative flux divergence for distinct atmospheric layers (subcloud layer, CBL, and troposphere). Heat and moisture budget equations for these atmospheric layers, together with bulk aerodynamic equations for the surface heat and moisture fluxes, are solved iteratively to find equilibrium solutions for the CBL thermodynamic structure and depth.
The solutions we show here result from varying the boundary conditions of the model. For example, changing SST at constant surface pressure and wind shows the dependence of low-level equilibrium 0• on SST. The interactions among the radiation field, the temperature, moisture, and cloud field are complex, but the resulting equilibrium solutions reflect the qualitative discussion in section 1. At equilibrium the surface sensible heat flux, which is determined by the surface wind and sea-air temperature difference, is small (= 10 W m -2) and closely tied to the net radiative cooling of the subcloud layer. The surface latent heat, which is determined by the surface wind and sea-air mixing ratio difference, balances the drying by subsidence in the CBL. Together, the surface sensible and latent heat fluxes balance the net radiative cooling of the tropics (= 150 W m-2), plus any small net export of energy out of the tropics. Thus it is the net radiative cooling of the troposphere that primarily determines the surface latent heat flux and at constant wind speed the surface relative humidity (which itself is linked to the height of cloud base). Together, the low-level temperature and humidity give 0a, so that the model links low-level 0 E equilibrium to surface boundary conditions and the energy balance of the tropics as a whole.
Dependence on SST
The subcloud layer temperature is quite tightly, coupled to SST; typically, the air over the tropical oceans is about IøC cooler than the ocean because of the strong radiative cooling of the moist subcloud layer. The relative humidity, and hence mixing ratio, however, changes rather slowly with SST through more complex radiative interactions.
The dependence of equilibrium 0 e on sea surface temperature that results is shown in Figure 3 . This dependence is large; but at constant surface pressure and wind, it takes a fall in SST of 3.3 K to drop equilibrium 0 E to 333 K. This is the puzzle raised by Rind 
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could be a significant fall, which might influence the relative humidity and cim• clouds at outflow levels (which are poorly known at present). We have, however, assumed no change in the relative humidity at the tropopause from an assumed value of 10%. 
Dependence on Sea Surface

